Two antigens, a glucose-rich capsular polymer and a cell wall carbohydrate consisting of N-acetylglucosamine, glucose and rhamnose, were isolated from Streptococcus bovis, strain s 19. N-acetylglucosamine and a haptenic fraction rich in glucosamine inhibited approximately 56 and 63 of the quantitative precipitin reaction between the s 19 cell wall carbohydrate and its homologous antiserum, respectively. A cross-reactivity between a preparation of azo-protein, which consisted of terminal P-N-acetylglucosaminide residues, and s 19 antiserum substantiated the fact that N-acetylglycosamine is one of the major antigenic determinants of the s 19 cell-wall carbohydrate.
s 19, according to the method described by McCarty & Lancefield (1955) . The bacteria were grown in 500 ml. of Todd-Hewitt broth at 37' and collected by centrifugation. The bacterial sediment was resuspended in 20 ml. of 0.2% formalized saline and stored at 4'.
Detection of antibodies. Group D type-specific antibodies were detected by the capillary precipitin test employed by Swift, Wilson & Lancefield (1943) .
Quantitative precipitin analyses were performed according to the method of McCarty Zone electrophoresis. Zone electrophoresis of serum proteins employed a Beckman model R-IOI Microzone cell according to the method described by Osterland, Miller, Karakawa & Krause (1966) .
( 1 952).
RESULTS
Previous studies have shown that Streptococcus bovis can be separated into at least 12 serological types on the basis of type-specific carbohydrates (Medrek & Barnes, 1962) . These type-specific reactions were considered, in most instances, to be due to a capsular material. However, definitive data on the isolation and analysis of these substances are not available and, therefore, the immunochemical nature of the typespecific substances has not be established. The following studies were designed in an attempt to determine the immunochemical basis for the antigenic specificity of S . bovis strain s 19, type 10.
Preparaton of speciJic carbohydrajus. cell walls, the carbohydrate extracted with hot formamide and the mucopeptide residue is shown in Table I . As in the case of the group D streptococci previously examined (Elliott, 1960) , the bulk of the rhamnose is associated with the soluble carbohydrate ; whereas the mucopeptide residue is essentially devoid of this sugar. The other sugars associated with the carbohydrate are glucosamine and glucose. It should be noted that the concentration of threonine is noticeably high and suggests that this amino acid might be a structural component of the S. bovis mucopeptide. This observation was a consistent finding in all seven strains tested. Work is now in progress to determine the value of threonine as a taxonomic tool in the iddntification of S. bovis. grown in beef-heart infusion broth containing 3 yo sucrose, were suspended in saline and homogenized at low speed in a Waring blendor for 5 min. The cocci were removed by centrifugation ; and the clear supernatant, which contained the capsular material, was subjected to DEAE-cellulose chromatography and Sephadex G-75 gel-filtration as described in Methods. The results of the DEAE-cellulose chromatography of the crude capsular material are shown in Fig. I . It should be noted that only a single major fraction was eluted from the DEAE-cellulose column. This substance after further purification by gel filtration, consisted of 3-95 pmole glucose/mg., 0.09 pmole glucosamine/mg., and 0.01 pmole rhamnose/mg. Only minimal amounts of phosphorus were detected, which suggest that the glucose polymer was not a teichoic acid. An abundance of the glucose-rich polymer was also isolated from the growth medium by the method described by Michel & Krause (1967) . These results and those presented in The glucose-rich capsular material isolated from a culture of strain s 19 gave a very weak precipitin reaction with homologous antiserum. Work is now in progress to obtain precipitating antibodies against this glucose polymer from swine and horses.
Characterization of the type-speciJic determinant of strain s 19 cell wall carbohydrate.
Results showed that the cell-wall carbohydrate of various strains of Streptococcus bovis possess similar chemical constituents but are immunologically distinct antigens. Theoretically, glucose, rhamnose or glucosamine could contribute to the antigenic specificity of the s 19 carbohydrate. In an attempt to determine the immunochemical basis for this antigenic specificity, purified s I 9 carbohydrate was partially hydrolysed with N HCI for 15 min. at 100'. The treated carbohydrate was subjected to Sephadex G-75 gel filtration and lyophilized. The results of the chemical analysis of this acidtreated carbohydrate are shown in Table 3 . The treated carbohydrate contained less glucosamine than the untreated carbohydrate. Further, the acid-treated carbohydrate, when employed in a quantitative precipitin test, gave a markedly weaket reaction than the untreated carbohydrate. These results are depicted in Fig. 3 . Note that the quantitative precipitin reaction between the treated carbohydrate and antiserum S 19 was more than 50% less than the precipitin reaction between the untreated carbohydrate and antiserum s 19. (1964) . The results of the quantitative precipitin inhibition studies are shown in Fig. 4 .
As depicted in this figure, 63 yo of the quantitative precipitin reaction between the s 19 carbohydrate and its homologous antiserum was inhibited by the glucosarnine-rich hapten. Further, N-acetylglucosamine inhibited approximately 56 yo of this quantitative precipitin reaction at a concentration of 10 mg./ml.; whereas glucose and rhamnose were less reactive at the same concentration. Fig. 3 . Quantitative precipitin reaction between the purified s I 9 cell-wall carbohydrate, purified s I 9 acid-treated cell-wall carbohydrate and s I 9 antiserum. Fig. 4 . Inhibition of the quantitative precipitin reaction between s 19 carbohydrate and s I 9 antiserum with monosaccharides and a glucosamine-rich haptenic fraction.
Further evidence to support the view that N-acetylglucosamine is the immunodominant determinant of the s I!J carbohydrate was obtained from studies on the cross-reactivity between s I 9 antiserum and ovalbumin-azo-phenyl-p-N-acetylglucosamine. This azoprotein was kindly supplied by Dr M. McCarty, Rockefeller University. In these studies it was shown that the azoprotein cross reacted with horse antiserum s 19 and this precipitin reaction was specifically inhibited by N-acetylglucosamine at a concentration of 10 mg./ml. These results su gest that /?-N-acetylglucosamine could be the immunodominant determinant of the s I 9 cellwall carbohydrate.
DISCUSSION
Evidence has been presented to indicate that strain s 19 contains at least two distinct carbohydrates : a glucose-rich polymer and a cell-wall carbohydrate consisting of N-acetylglucosamine, rhamnose and glucose. The capsular carbohydrate was shown to consist of glucose units with minimal concentrations of rhamnose and N-acetylglucosamine. This finding is consistent with the observations of other investigators (Duguid, 1951; Dain, Seely & Neal, 1956; Bailey & Oxford, 1958 McCarty (1956) has shown that terminal N-acetylglucosaminide residues are the major antigenic determinants of the group-specific carbohydrate of group A haemolytic streptococci. A cross-reaction between the group A and s 19 carbohydrates was observed in this study and suggests that N-acetylglucosamine, a common feature of both carbohydrates, could possibly be responsible for this cross-reactivity.
The existence of two major carbohydrate antigens in the cell walls is not uncommon in streptococci, Michel & Krause (1967) isolated two antigens, a group-specific and a type-specific carbohydrate, from a hot formamide extract of group F streptococci. The type-specific antigen was composed of rhamnose, glucose, galactose and galactosamine ; whereas the group-specific antigen was composed of rhamnose, glucose and galactosamine. Unlike Streptococcus bovis, strain s I 9, both antigens were components of the cell walls. Group B streptococci also contain two carbohydrate antigens: a type-specific capsular material and a group-specific cell-wall carbohydrate (Lancefield, The work reported here supports the view that Streptococcus bovis can be separated into distinct serological types (Medrek & Barnes, 1962) . Eventually, with greater knowledge of the iminunochemistry of the carbohydrates associated with S. bovis, it seems feasible to assume that a useful system for the classification of these streptococci may be obtained, which will compare favourably with that employed for the haemolytic streptococci.
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